Morphological, Biochemical and Fluorescent Antibody Studies of HaemophilusSsomnus by Chladek, Danny W.
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1976 
Morphological, Biochemical and Fluorescent Antibody Studies of 
HaemophilusSsomnus 
Danny W. Chladek 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Chladek, Danny W., "Morphological, Biochemical and Fluorescent Antibody Studies of 
HaemophilusSsomnus" (1976). Electronic Theses and Dissertations. 4935. 
https://openprairie.sdstate.edu/etd/4935 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
MORPHOLOG I CAL , BIOCHEMI CAL AND FLUORE SCENT 
ANT I BODY STUDIES OF HAEMOPHI LUS.SOMNUS 
BY 
DANNY W. CHLADE K  
A thesis submitted 
in partial fulfillment of the requirements for the 
degree Master of Science, Major in 
Microbiology, South Dakota 
State University 
1976 
SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
MORPHOLOG I CAL , BIOCHEM I CAL AND FLUORESCENT 
ANTI BODY STlJD.IES OF HAEMOPH I LU S  SOMNUS 
Th is thesis is  approved as a credi tab l e and independent i nvest i ­
gat i on b y  a c and idate for the degre e , Mast er of S c i en c e , and i s  ac cept ­
able for me et ing the thesis requirements for this degree . Ac c eptance of 
th is the si s does not imply that the conclusi ons re a�hed by the cand idat e 
are ne c essari l y.the conc lusi ons of the maj or dep artmen t . 
Thesis Adviser 
Head , Mi crobiology Dept . Dat e 
AC KNOWLEDGEMENTS 
· Sincere appreciati�n is extended to Dr . Rob ert E l l is for 
his advice and p reparation of this thesis . 
Thank s  are due t o  Dr . M .  W .  Vorhies and the Veterinary 
Science D epartment for providing mat eria l s  and facilities t o  
conduct this s tudy . 
The author a l so wishes to expre s s  his appreciation to 
Ors . Martin Berg e l and and Thomas Wil kinson for their advic e and 
as sistan ce of this the sis . 
Al s o ,  I wou ld like t o  thank my wife , Kathy , for h er encouragement 
and p atience throughout my program . 
owe 
TABLE OF CONTENTS 
Page 
I NTRODUCTI ON .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
LITERATURE REVI EW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  2 
C l as s ifi cat ion o f  Haemophi lus s ornnus . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Cl inical  Man i fe s t at i on . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Cl ini c a l  De tect i on 
'
and Pathogenicity s tudi e s  . . . . . . . . . . . . . . . . . . . .  7 
MATER I ALS AND METHODS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Reference St rains and I s o l ants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
I s o l at ion and Stock Pres ervat i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Biochemi ca l Tes t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Ant i gen an d Ant ibody Product ion . . .. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  12 
Agg l ut inat ion React i ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  17 
Ant ibody Conj ugation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .  1s· 
Mous e Inocu l at i on . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . .  19 
Histo l ogic  Te chni ques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  19 
F l uores cent Ant ibody Te chnique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
E l e ctron Mi cros cop i c  Examinati on . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .  21 
RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . � · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 2 2 
Morpho l ogy and B i ochemical  Resu l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
Agg l ut inat ion Re sul t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
E l ectron Mi cros cop i c  Examinat ion . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 27 
Mous e  Inocu l at i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · • . . . . . .  27 
F l uore s cent Ant ibody (FA) Resu l t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · . · · · · · · · · .  · · · · 37 
Re ference and Is o l ant St ock Cu l tures . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
Morpho l ogy and B i o chemical Te s t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
Agg lut inat i on Te s t s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · · · · · · ·  ._40 
F l uore scent Ant ibody . . . . . . . . . . . . . . . . . . . . . . . .  · . · · · · · · · · · · · · · · · · ·  .42 
SUt'™ARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
APPEND IX 
. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 
LITERATUR
. 
E 
. .  c' 
I
. 
T
0 
E
0 ° . . . . . . . . . . . . . . . . . . . .
. .  : .............................. 45 . . . . . . . . . . . . . . . . . . . . 
- ·I 
LIST OF TABLES ------
Tab l e  Page 
1. Source of SO South Dakota Haemophi lus s omnus I so l ants . . . . . . . .  10 
2 . _ Di fferent i a l  Bi ochemi cal  Character i s t i cs o f  S O  South D akota -
Haemophi lus s omnus I s o l ants Compared to  H .  s omnus Strains 
8 02 S and MS 8 5  � vag ina l i s  and !:!_:._ aphrophil us Aft er One Pas s -
age on B l ood Agar P l ates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  
3. Di fferent i a l  B i ochemical  Charact eri s t i c s  o f  S O  South_Dakota 
Haemophi l us s omnus I s o l ants Compared t o  !:!_:__ somnus Strains 
8 02 5  and MS 8S  !:!_:__ vagina l i s  and !:!_:._ aphrophi 1 us Aft er 4 pass  -
age s on B l ood Agar P l ates . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .  2S 
4 .  Sero l ogi c Re l at ionship o f  Se l ected Organ i sms as Det ected 
by Who l e  Ce l l  Agg lutinat ion Te s t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
S .  Effec t s  of In tracranial  and Intraperitoneal  Inocu l at ion -
o f  Haemophi l us s omnus Strain 8 02S into 4 t o  S Day.o ld Mice . . .  2 9  
6. Effec t s  o f  In tracranial  and Intraperitonea l  Inocu l at i on o f  
Haemoph i l us s omnus Strain 8 025  into 9 t o  10 D�y o l d  Mi ce . . . . . 30 
L I ST OF F I GURES 
Fi gure Page 
1. Two-Ch ambered Sys tem Used to Produce a Den s i ty Gradient . . . . . . . .  1 4 
2 .  Haemophi lus s omn�s Ce l l  Wa l l  (upper l ayer) S ep arated from _ 
Who l e  Ce l l s (bottom layer) in a L inear G l ycero l Gradi ent . . . . . . .  1 6  
3 . El ectron Phot omi crograph of Haemophi l us s omnus U s ed as the 
Who l e  Ce l l  An t i gen for Ant ibody Production . . . . . . . . . . . . . . . . . . . . .  31 
4 . El e ctron Photomi crograph o f  Haemophilus s ornnus Ce l l  Wal l s  
Di s rup ted by Son i fi cat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  32 
5 . Three 9 - 1 0  Day o l d Swi s s -Webst er Mice . Two o f  the Mice have 
b een Inocu l at ed with Haemophi lus s omnus.and the Third is a 
Contro l (A) o f  the Same Age . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . .  33 
6� F l uore s cent Ant ibody St ain of a Pure Cu l tur� of Haemoph i lus 
s omnus . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
7 . F l uores cent Ant ibody Stain of a 4 - 5  day o l d  Mouse  Brain 
S e c t i on Experiment al ly Infected with Haemophi l us somnus . . . . . . . .  35 
8. F l uores cent Ant ibody s tain of a Bovine Brain s ect ion that 
had Cl inical  Le s i ons  of Haemophi lus s ornnus  I n fect i on s  . . . . . . . . . .  36 
1 
INTRODUCTION 
Haemoph i lus s omnus was the t entat ive name g iv en in 1 9 69 to  a fas t i ­
dious gram n egat ive p l e�morph i c  coc cobaci l l us wh i ch was con s i s t ently 
i s o l ated from catt l e  affected with a c l inica l s yndrome c a l l ed thrombo 
embo l i c meningoencephal i t i s  (TEME) C l ) . The organ i sm was i n i t i a l ly c l as s ­
i fi ed as  an Act inobaci l l us act inoides - l ike organ i sm ,  but b e caus e  o f  i t s  
demand for a b l ood base  for pr imary i solat ion i t  wai rec l as s i fied as 
· -
Haemoph i lus - l ike . Bai l ie then designated the sp e c i e s  n ame s omnu s , 
re ferri�g t o  the s l eepiness common ly exhib ited  by TEME a ffected 
catt l e(l ) . 
Haemo ph i l us s omnus has s ince been associated  w i th bovine cases  o f  
re spirat ory invo lvement (7 , 8 , 33) , weak -cal f s yndrome C 1 2 , 36) , abort ion C 1 4 ) , 
polyarthri t is ( 3 3 ) , l aryngit i s C6 , 1 6) , and vaginit i s C 39) . I noculations  o f  
!:!_:_ somnus i n t o  l aboratory animal s ,  sheep , and c at t l e  have been incomp l e te 
and inconcl us ive C l B , 27 , 32 , 33) . Biochemical react ions  a l s o  have been 
incon s i s tent. Thes
'
e resu l t s  are not uni form be cause d i fferent indicator 
systems were u s e d  t o  determine ac id or alkal ine endp o ints . The age of  
the culture when carbohydrate media were inocu l at ed a l so v a r i e d  among 
di ffererit report s .  
In th i s  study , the b i ochemical reactions o f  50 H .  s omnus i so l ant s 
recovered from bovine spe c imens submitted to the South D akota Anima l  
Di seas e Re s e arch and Diagnos t i c  Laboratory ·aver a per iod of  2 0 months 
were compared w i th two reference !:!_:_ s omnus s trains p lus 1 3  clo s e ly 
re lated  organi sms . - A fluores cent antibody conjugate was prep ared from 
the reference · s train and used for rapid ident i fi cat i on 
of !:!:.:_ s omnus in 
pure cul ture as  we l l  as i� t issues infected with the organ i sm . 
2 
LITERATURE REVI EW 
The general  morpho logic  des cript ion of  Haemophi lus s omnus, ini t ially 
c l as s i fied a s  an Haemop�i lus - l ike organism C2 7 ) , i s  a gram negat ive 
p l eomorphi c  b acter ium . I t s  microscop i c  morpho l ogy con s i st s  o f  variab le 
coccoi d  rods , 0 . 3 t o  0 .4 micron di ameter by 0 . 8  micron long ,  t o  bac i l l i  
0.3 t o  0 . 5  m i cron d i ameter by 1 . 5  t o  4 . 0 micron l ength . The organi sm 
requires the presen ce o f  red b lood cel l s  for primary i solat i on . Typical 
co l on ies are transp arent, punct i form, and non -hemo l yt i c, a l though 
greening o f  the b l ood may occur after severa l days o f  incubat i on .  
The first  i so l at ion o f  the Haemoph i l us - l i ke organ i sm was in 195 8  by 
Kennedy et a l . from c att le  in a Ca l i fornia  feed lot . The affected cat t l e  
had c l ini cal s ign s of  infect ious embo l ic men ingo -encepha l it i s ( I E ME ) C2 7 ) . 
Since t hen other invest igators in the Un ited St ates C2, 7, 8, 30 ,32, 33, 37 )  
and Canada (19 ) have con s i s tent ly i s o l ated !:!.:._ somnu s  from cat t l e  infected 
with IEME . H .  s omnus h as a l so been assoc iated wi th bovine c l in i cal 
syndromes such a s  abort ionC14) , weak calf  syndromeC12, 36 ) , p o l y­
arthri t i s C 3 3 ) , sept i cemia (S, 7,33) and l aryng i t i s (6 ,16 ) . 
C l as s i fi cat i on o f  Haemoph i l us somnus 
The genus Haemoph i lus is c l as s i fied as a genus of uncertain affil-
iation with the gram -negative facultatively anaerob i c  rods
( l O) . It  was 
previ ous ly c l as s i fi ed as a member of the fami l y  Brucel l aceace
(S ) . The 
genus name Haemophi lus means "b lood lover" (5 ) . I n  order to propagate_ 
members o f  the · genus , a medium (such a choco l ate
, Lev in thal  or F i ldes ' 
agar) whi ch contains  b lood or a b l ood der ivat ive must be use
d . The 
es senti al growth factors have been l abeled as X and V. The X factor, 
3 
heroin , i s  a ferr iproto porphyrin compound and i s  subs t i tued by cys teine . 
Heroin i s  heat s t ab l e  and prov ided by s uch medi um a s  b l ood or cho co l ate  
agar . The V fac tor , diphosphopyridine nuc leot ide (DPN) , c an be supp l ied 
by yeast extract or a growing s t aphylococcus . Some s pec i e s  such as 
�inf l uen z a ,  !::!_:_ s ui s ,  !:!.:._ gal l inarum , and !!.:_ haemo lyt i cus require both 
X and V factors . Other species require on l y  the V factor . Some spec ies 
require the X factor . H .  s omnus requires b l ood or the X factor for pri ­
mary .i s o l at ion a s  do!:!.:._ ducreyi , H .  canis  and!:!.:._ aphroph i l us . 
The species now des ignated as !!.:_ somnus was ini t i a l l y  c l a s s i fied in 
the genus Haemoph i lus because of its ·cel l u l ar morpho l o gy and inab i l i ty 
to grow on media  l acking red b lood cel l s ( 2 7 ) . An Act inobac i l lus 
ac t inoi des - l i ke organ i sm (2 )  was once a sugges ted c l as s i fi cation but 
because the organi sm needed a b l ood base medium , Haemophi l us was a more 
sui t ab le gener i c  c l a ss i fi cat ion . The commi ttee on a t axonomy o f  
Haemoph i lus h a s  reported that internat ional accep t ance o f  the genus h as 
not been achieved . In addition to the taxonomi c characteri s t i cs  
!:i_:_ somnus has  in common with the genus Haemophi lus , i t a l so has  a DNA 
base compos i tion within 1 % ·of the va lue obtained for!:!_:._ influen z a (3) . 
Sero l ogic  s tudies were conducted on H. s omnus to  determine ant i ­
geni c  s imi l arity among different species of the s ame genus and c l osely 
related species of d i fferent genera . . The t es t s  have included both 
agg lut inat ion ( l S , 2 3 , 35) . and comp lement fixat ion
C 9 , 1 8 ) . The agg l ut in a ­
t ion t est s have indicated that there
. 
was a s l i ght cro s s -reac t i on with 
Bordetel l a bronchisept i ca and!::!.:_ agn i  g iving maximum t i ter s  o f  1 : 80 and 
1 :1 60, respect ively . No cross  react ions were reported wi�h 
� actinoides. The comp lement fi�ation tes t  g ave cro s s  reac t i on with 
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!!:_ aphroph i l us , !!.:_ ae gypt i cus, !:!.:_'influenz a , and !!:._ parainfluen z a .  One 
way cro s s  reac t ions were ob s erved with A. act ino ides and Moraxe l l a bovi s .  
I t  should b e  not ed that a s onicated ant i gen·was u sed in the comp l ement 
fixat ion t e s t  whereas a heat shock an t igen was used to detect  agg l u ­
t inins . The resu l t s  obt ained may be governed by the type o f  ant i gen 
emp l oyed, there fore compari son s  may not be reli ab le . Characteri z ation 
of !!:_ somnus by mean s  o f  c arbohydrate ferment at i on and d ifferent i a l  
b iochemical  t e s t s  have been contradict ive and confus ingCl , 27 , 33 , 35 ) . 
The organi sm does ·not s e em to ut i l i ze many c arbohydrates but regu l arly 
produc es n i trate, whi ch may b e  very important in i t s  i dent i fi cat ion . . 
Bai l i e's ( l )  i nvestigat i on o f  the b iochemi ca l p attern of· bovine 
encephalit i s  i s o l ate ( BE!) invo lved the inocu l at i on of cul tures which 
had been s ub c ul ture d  a maximum of three t imes into a vari ety o f  carbo ­
hydrat e s  and d ifferent i a l  medi a .  He found that the s ub culture BE! 
produced a c i d  from the fo l l owing carbohydrates:  g lucose,  xylose,  
mannito l ,  g a l acto s e, fructose, manno s e, trehalose,  s orb i to l ,  and 
glyco gen . Growth was supported but no acid or a l ka l ine change was 
ob s erved i n  l acto s e, sucrose, s a l i c in, arab ino se,  adonito l ,  dul c i to l ,  
inos i tol, me l ib i os e, and raffinose . H e  a l s o found the t e s t s  for nitrat e,  
indo l e  and oxidas e were pos itive . It was cat a l as e, urea, l i tmus mi lk, 
c i trate, methyl red, Vo ges -Proskauer and g e l at in n egat ive . No growth 
was ob s erved on MacConkey agar . Steri l e  sheep s erum was added to al l 
mediums except MacConkey and Sinunon's c i trate .agar . Ac id was detected 
hy the addit i on of  3 drops of 1% aqueous hrom thmo l b lue to the s urface 
of the sem�- sol i d  medium aft er 4 days incubat i on . 
5 
KennedyC27) inocul ated ordinary carbohydrate med iums enriched with 
one or two drop s o f  fre sh defr ibr inat ed b lood . Sl i ght ac i d i ty was 
produced in  arab inos e,  xyl o se,  g l uco se, rhamnose, ma l to s e ,  and ·s orbi tol . 
No change was ob s erved in l actose , mannito l , raffinos e ,  fructose , and 
ino s i t o l . Sl i ght p roduct ion of  indo l was reported and the t e s t  for 
n itrate reduc t i on was faint l y  pos itive . Ge lat in was not l ique fied . 
MacConkey's b i l e  s a l t  agar did not support growth, even o f  we l l  
e stab l i shed cul ture s . The number of passages at the t ime o f  carbohydrate 
and b iochemi cal  inocu l at ion was not reported . 
Panci era (33)  u s ed pheno l red basal  medium and 7% bovine s e rum . He 
reported no ev idence of fermentat ion from the fo l l owing c arbohydrates : 
dextrose, l actose,  sucrose , ma l tose , mannito l , raffino s e , s orb i t o l , s al­
i c in , inos i t o l , treha l o s e , and galactose . N i trat e was  not reduced nor 
was indo l produced . Growth was not ob served on c i trate or S-S agar . 
Fre sh i s o l at e s  were used . 
Sh igidi (35 ) reported that Haemophi lus - l ike organ i sms · were adapted 
to broth cul ture by s erial  passage on b l ood agar and final l y  Eugon broth 
enriched with F i ldes  b l ood digest . They were then inocul ated into 
carbohydrat e s  and other phys iologic  test media . I t  was found . that the 
organisms did not ferment any of a large number o f  c arbohydrat es  test ed 
and did not l iquefy ge l atin . Ni trat es were regu l ar ly reduced and 
indo l 
was formed . Resul t s  o f  methyl red , Vo ges -Proskauer reactions , 
cata l ase 
and urease were negat ive; oxidase tests  were pos i t ive . 
Clinica l Man i fe station 
. 
In 1 95 6, GrinerC22 ) reported a disease of catt l e  
he t ermed infe c t -
6 
ious embo l i c  meni ngo- encephal it i s . Unfortunate ly on l y  a few t i s sues 
from the infe cted an imal s  were cu l tured for bacter i a  and the resu l ts 
obta ined were cons i dered unre l iab le  due t o  autol ys i s  and contaminati on. 
Two years l at er i n  1 9 5 8 ,  Kennedy (27) noted the s ame c l in i c a l  s igns in 
catt l e  in a C a l iforn i a  feed l ot . Bacteriologic  cul turing y ie l ded a 
Haemophi lu?- l ike organi sm from various t i s sues inc l ud in g  the brain , 
k idney , sp l e en ,  l ung , l iver , mus c le , synovi a l  fluid , and b lood . In the 
fo l l owing ten years inves t igators from Kan sasC2 ) , Ok l ahoma ( 3 3) , 
IndianaC27) , I l l inois C1 3 , 2 1 ) and Ontario , Canada ( l 9 )  a l so obs erved and 
reported t he i so l at i on of a bacterium with co l oni a l  and mi cro s cop i c  
morpho l ogy c l os e l y re semb l ing that of  the Haemophi lus-l ike organi sm 
i s o l ated by Kennedy from c l inical  cases of infectious embo l ic meningo ­
encephal i t i s.  Bai l ie ( l )  d e s ignated the name somnus be cause o f  the 
s l eep ine s s  common ly exhibited by infected catt l e . The ·c l ini c a l  infection 
of  catt l e  i s  a l so refe rred to as Thrombo , TEME , s l eeper s yndrome , and 
H. s omnus comp l ex . · 
As the name H. s omnus comp l ex imp l ie s , the organ i sm h as been 
as sociated with other c l inica l  i l lnes ses of  cat t l e . Such infections 
inc lude s ep t i c emiaC3 3) , acute respiratory d i seaseC33) , p o l yarthri t i s  
and t endonit i s C 33 ) , necroti c  l aryngitis  and polypo id t rache i ­
tis C6 , 7 , 1 6 , 3 3) . Mo s t  re cent ly i t  was reported that� s omnus may al so 
be invo lved with the weak calf syndrome C 1 2 , 36) . The �e ak c a l f  
syndrome (WCS) , common ly found i n  Montana,  Idaho , Utah , Oregon
, Cotorado , 
and Nevada , i s  cha�acteri zed by hemorrhage and edema of subcu
taneous 
t issues of the knee and hock j oints
C36) . I t  general ly invo lves calves 
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from b irth t o  7 days o f  age . H. sornnus has a l so been incriminated as a 
poss ible e t i o l og i c  agent o f  abort ion in catt l e ( 1 4) a s  we l l  as a s e c -
ondary bacterial infe ct i�n in a s evere case o f  i n fe c t i ous pus tular 
vagin i t i s  ( I PV) ( 39). H. s omnus a l so has been cons idered p art of the 
transient f l ora of the resp irat ory tract ( l S). 
C l ini cal Det ect ion and Pathogen i c i ty Studi e s  
Both t h e  c omp l ement fi xat ion and agg lutinat i on procedures have been 
-
uti l i zed for detection o f  H. s omnus ant ibod ies . The comp l ement fixat ion 
t est has many deficiencies  which may l imit i t s  app l i c at i on for d i agnostic  
purpos es . Non - sp e c i fi c  cross-reactions between !:!:._ s omnus and other ant i -
gens have not  b een s tud ied adequate ly to use the C -F t e s t  for detect ion 
of current or recent infect ion (9) . One prob l em i s  the int erpretat ion of 
the s i gn i fi cance o f  l ow t i ters , because of the s hort -t erm p ers i s tence 
of high po s t - infect i on ant ibody t iters . 
Bl ood s erums from heal thy cat t l e  were examined for H. somnus 
agg lut inins ( 2 3) . It was conc l uded that H.  somnus infe c t ion may be 
inapp arent in  s ome anima l s , due t o  the occurrence o f  both l ow and high_  
ti ters in norma l catt l e . S ince agg lut inat ion t es t s  have l e s s  cross 
reaction w i th other organ i sms i t  has been cons i dered a more re l i ab l e  
test procedure for detection o f  H. sornnus i nfe c ti ons . Ant i geni c i ty 
and spe c i fi c i ty s tud i e s  were conducted on s evera l d i fferent frac t i ons 
of H. somnus ( 3 1 ) . It was sugge sted that the who l e  c e l l  ant i gen yie l ded 
more antigen i c  and spe c i fic resu l t s  than ant igen s prepared from s on i ­
cated who le c e l l s ,  crude po l ys accharides, purified po lysaccharides o r  
protein . 
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Experiment a l  pathogeni c ity studies have b een c onducted on l aboratory 
anima l s , sheep ,  and catt le.  Attempts to infe c t  mice  by the intraperi ­
tonea l and intracerebral rout es have been succe s s fu 1 ( 2 7 ) . Two o f  three 
guinea p i gs succwnbed to intraperitonea l  inj ect i on s  o f  a fre sh i s o l ate 
as did  one o f  two rabb ies inocul ated intravenous l y (2 7 ) . Other e ffort s 
to infect m i ce , guinea p i g.s ,  and rabb i t s  were reported l y  unsuc ce s s-
fu1 (27 , 3 3) . Experimental  inoculat ion of � s omnus i nto c at t l e  to 
experiment a l ly reproduce TEME has been mo st  reward ing . Ino cu l at i on vi a 
the intravenous rout e has re sulted usua l ly in  death wi thin approx imat e ly 
48 hoursC l B , 27, 32 , 33) with anima l s  showing s i gn s  o f  TEME. Other routes 
of inocu l at i on �.g. intratrachea1 Cl 8 , 33) , intrap erit onea1 C2 7) , intra ­
mus cul ar ( 27) , and nas a1 C27) have yie lded equivoc a l  resul t s . Thi s  con-
s is tency was e xpl ained by suggest ing that cont inuous cu l t ivat i on of 
H. somnus on art i fi ci a l  media results  in a l o s s  o f  p athogen i ci tyC27) . 
Pathogeni c i ty may be maintained via  inocul ation of 7 day o l d  embryoni c  
chi ck eggs(27) . The weak c a l f  syndrome was experimental ly r eproduced 
us ing H. s omnus p revious ly iso l ated from a cow whi ch h ad given b irth 
to a ca l f  w ith c l ini cal  s igns of weak c a l f  syndrome. The organ i sm 
was found t o  b e  non-pathogenic for sheep"C27) . 
Another organ i sm having many cul tura l and morpho l o g i c  character ­
i st ics  s imi l ar to H .  sornnus has been report ed
C2 8) . Ant i geni c  comparis on 
has found i t  to  cro s s  react with H. somnusCl S , 3S ) . The name � agni 
has been s uggested for this organi sm because it appears to  b e  hos t  
spe cifi c  for sheep C2 8) . 
MATERIALS AND METHODS 
Re ferenc e  Strains ·and I s o l ants 
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Two Haemophi lus s omnus re ference s trains were us ed i n  ·this  study : 
type 80 2 s (a)  and No . Msss(b ) . In  addi tion, the fo l l owing organ i s ms were 
obtained and comp ared ant igenica l ly with r e ference s t rain 8 0 2 5 : 
!:!:_ agn i 1343 (c ) , Act inob ac i l lus act ino ides ATCC 1 590o (d) , Bordet e l l a 
.
bronchi s ept i ca ATCC 4 617 (d) , Bruce l l a abortus ATCC 4319 (d) , Moraxe l l a  
bov i s  ATCC 1090o (d) , !!:_ aphrophi lus ATCC 1 94 l s (d) , H .  infl uen z a  ATCC 
9 79 5 (d) , � parahaemo lyt i cus ATCC 10014 (d) , � parain fluen z a  ATCC 
7 9 0 1 (d), � vagina l i s ATCC 1 40 1 8 (d) , !!:_ ducreyi ATCC 2 7 7 2 2 ( d) , 
Pas teure l l a haemo lyt i ca ATCC 1 4QQ3 (d) , and � mu l t ocida ATCC 194 2 7 (d) . 
The s ourc e s  o f  the SO H .  s omnus i s o l ants obt ained fro m  the South Dakota 
Anima l  D i s ease  Res earch and Di agnostic Laboratory (ADRDL) Brookings , 
South D akota are l i s t ed in Tab l e  1 .  
I s o l at i on and Sto ck Pres ervat ion 
Sp e c i mens submi tted to the bacteriology s ec t i on of  the ADRDL were 
examined by the fo l l owing procedure s .  Inocu l a  from t i s sue s ,  fluids and 
swab s were s treaked on b lood agar p l ates cont aining approximat e l y  5 %  
defibrinated sheep b l ood . 
. ( a) obt ained from Dr . Reggi ardo, Veterin ary D i agnos t i c  Laboratory, 
Ames,  I owa . 
(b) ob tained from Dr . Lauerman, Veterinary Diagnos t i c  Lab 9ratory
, 
Fort Co l l ins,  C o l orado. 
(c) obt ained from Dr . Kni ght, Co l l ege of  Veterinary Medi c ine, 
Davi s, C a l i forn i a . 
(d) ob tained from .Ameri can Type Cul ture Co l l e ct ion, R
ockv i l l e, 
Maryl and . 
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Table 1'. Sources of the 50 South Dakota Haemophilus somnus Isolants 
Identification 
Number 
74 - 231 
2977 
3367 
3991 
4059 
4917 
5016 
5053 
5063 
5864 
5905 
5917 
6046 
6172 
6360 
6976 
7927 
8231 
9219 
9292 
9717 
9731 
9953 
9958 
10062 
10078 
75 - 193 
316 
438 
1305 
2623 
2794 
3083 
3561 
3839 
3927 
4320 
4362 
4692 
4798 
5048 
5107 
5424 
5433 
5457 
5479-
6298 
6359 
6521 
6619 
Age of 
Bovine 
12 months 
10 months 
Fetus 
10 years 
1 day 
2 years 
4 months 
12 months 
1 month 
12 months 
2 months 
8 months 
2 1/2 .months 
2 months 
12 years 
6 months 
9 months 
2 months 
5 months 
6 months 
7 months 
8 months 
8 months 
7 months 
8 months 
I month 
8 months 
9 months 
Fetus 
6 weeks 
3 weeks 
8 months 
6 months 
7 months 
1 1/2 months 
5 months· 
1 month 
S weeks 
2 months 
Fetus 
10 months 
10 months 
10 months 
10 months 
6 years 
3 months 
5 months 
18 months 
4 months 
6 months 
Source of Isolation 
Brain, Spinal Fluid 
Nasal Swab 
Placenta, Lung 
Uterus Swab 
Lung 
Uterus Fluid 
Lung, Kidney, Spleen 
Lung 
Lung 
Lung __ 
Lung 
Brain 
Lung, Brain, Spleen 
Lung 
Cervical Muco�s Swab 
Lung, Kidney, Liver 
Lung 
Brain, Kidney 
Lung 
Lung 
Lung 
Brain, Lung 
Trachea, Bronchial LN 
Brain 
Brain, Lung, Liver 
Lung 
Lung, Throat Swab 
Brain, Lung, Trachea 
Placenta 
Lung, Liver, Kidney 
Lung, Liver, Kidney 
Lung 
Brain, Kidney 
Lung 
Lung 
Lung, Spleen 
Lung 
Lung 
Lung, Bronchial LN 
Placenta 
Vaginal Swab 
Vaginal Swab 
Vaginal Swab 
Lung 
Vaginal Swab· 
Lung, - Brain 
Lung 
Lung, Larynx Swab 
Lung 
Lung, Brain 
*Other bacterial pathogens present. 
Clinical or Pathologic 
Diagnosis 
Thrombo 
Pneumonia 
Hemophilus abortion 
Coachexia 
Pneumonia 
Infertility 
Septicemia 
Pneumonia 
Broncho Pneumonia* 
Pneumonia 
Pneumonia 
Thrombo 
Septicemia 
Pneumonia* 
Infertility 
Pneumonia, Septicemia* 
Pneumonia 
Thrombo 
Pneumonia* 
Bacterial Pneumonia* 
IBR* Pneumonia 
Pneumonia 
Bacteria Pneumonia* 
Thrombo 
Thrombo, Septicemia 
Pneumonia 
Trac hit is 
Thrombo, �epticemia 
· Mycotic Abortion 
Pneumonia* 
Pneumonia, Septicemia 
Pneumonia 
Thrombo 
Pneumonia 
Pneumonia* 
Pneumonia 
Pneumonia* 
Pneumonia 
Pneumonia 
Hemophilus Abortion 
Vulvo-vaginitis 
Vulvo-vaginitis 
Vulvo-vaginitis 
Pneumonia* 
lnfertili ty 
Thrombo 
Pneumonia 
Pneumonia* 
Pneumonia 
Thrombo 
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The inocul ated p l ates  were incubated at 3 7C i n  an environment of 
increased C02 tens ion (5�1 0 % )  for a maximum of 4 8  hour s . P l ates  were 
obs erved a ft er 24 hours incubat ion and examined for typ i cal  H. · s omnus 
co l oni e s ,  as de s cribed previous ly ( 2 7 ) , and then sub cu l tured on b l ood agar 
in order t o  obt ain a pure cul ture . I dent ification o f  the 5 0  H. s omnus 
i s o l at e s  was b a s ed on c o l onia l  and micros cop i c  morpho l ogy . 
To ma i nt ain and pres erve the cul tures ,  the t yp i c a l  i s o l ant s were 
inocu l at ed into 7 -day - o l d  embryonated chi cken e gg s . The e gg yo l k s  were 
ino cu l ated w i th 0 . 1 ml of a heavy bacterial  suspens i on in s t eri l e  dis -
t i l l ed H2o u s ing a 1 1 / 2 i nch 2 0  gauge need l e. The emb ryo s usua l l y  died 
within 1 6 - 4 8  hours at whi ch t ime the egg yo lk was a s c ep t ic a l l y  extracted 
and 0 . 1 ml was re ino cu l ated into another 7 -day - o l d  embryonated chi cken 
egg . Up on the death of  the s econd embroy 1 0 - 1 2  ml  of the egg yo lk  was 
harve st ed, s treaked on b l ood agar p l ates to check pur it y  and di spended 
in 1 2 X 75 mm tubes  in 2 - 3 ml a l iquots . The tubes were s tored at - 60C 
unt i l  used . The reference s trains and c lose ly re l ated spe c i e s  were 
maintained by the s ame method . 
Biochemi ca l Tests  
Th e two H. somnus reference s trains (802 5 and MS85 ) ,  !:!:.:__ aphrophi lus 
and � vag inal i s ,  were compared b iochemi ca l ly with the 50 South Dakota 
iso lant s to determine carbohydrate uti l i zat ion and addit i onal  b i o ch
emi cal  
character i s t i cs .  
C arbohydr at e  U t i l i zation: Cultures to he examined were r
emoved 
from the free zer, a l lowed t o  complete ly thaw and s treaked  onto 5 %  shee
p 
blood agar plat e s . Fo l lowing incub.at ion at 37C (_$ -10% C02l for 24 ho
urs , 
tyPical co l onies. were p i cked and i noculated direct l y- i nt
o the 
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carbohydrat es . An i dent i cal s et o f  carb ohydrat es t o  whi ch 0 . 1  ml o f  
who l e  defibrinated sheep b l ood had been added was a l so inocu l ated with 
typ i c a l  colon i e s . · Chan_ge in pH fo llowing 
72 hours incubat ion was 
determined w i th a Corn ing pH meterCe) . 
The 1 7 c arbohydrate s examined were : adoni t o l , arab inos e ,  du l ci to l , 
fructos e , ga l act o s e , g lucos e ,  inosito l ,  lacto s e , ma l tos e , manni tol , 
mannose , raffino s e , s a l ic in ,  s orb itol , sucros e ,  t rehalo s e ,  and xylose . 
All sugars were p repared as des cribed by the Anaerob e  Lab oratory 
Manua 1 C24)  (See appendix for preparat�on and mod i fi cat ion) . I n i t i a l  pH 
of the c arbohydrate s  w as 7 . 0 ,  with the exception o f  xylo s e  whi ch was 
6 . 7 . A pH , a fter inoculation and incub at i on , o f  6 . 0 - 6 . 6 was reported as 
an ac id endpo int . Xylos e  was reported as acid i f  the pH w as b e low 6 . 3 . 
Add i t i onal Biochemi cal Studies : Other propert i e s  s tudi ed were : 
detect ion o f  growth on MacConkey ' s  and Simmons c i trate agars and 
produc tion o f  indo l , c at a l as e , ureas e ,  oxidas e , ge l at inas e , and ni trate 
reduction . 
Antigen and Ant ibody Product i on 
Growth med i a  and Cell . Harve s t ing : The procedures for growing l arge 
quant ities  o f!:!_:_ s omnus were the s ame as Brown•s (9) . Three l i ters of 
brain heart infus i on broth ( f) was us ed as the base  medium to whi ch 1 0 %  
heat inactivated fe t al c a l f  s erum and 0 . 5%  ye as t extract
Cf) were added . 
The brqth was inoculated with 2 - 3 ml  o f  egg yo lk  infected with 
strain 80 25 . Aft e r  ·2 4 - 36  hours incubation at 37C CS - 1 0% COz) , the c
e l l s 
le ) Corning pH met er , Mode l 1 0 , e l ectrode mode l H4 33
7-5 ,  Corn ­
ing ,  New York . 
Cf) D i feo Lab oratories , Detroit , M i ch i gan . 
were harves t ed w i th a cont i nuous flow centrifuge ( &) . The f l ow was 
adj usted to 1 5-2 0 ml o f  s upernatant fluid expe l l e d  per minut e . The 
p e l l et was washed twice w i th 20 ml o f  cold  s t er i l e  d i s t i l led H2o . 
Who l e  Ce l l  Ant i gen (WCA) : The washed c e l l s  were adj usted t o  the 
turbi dity of a McFarland #4 t ube with a spe ctrophotometer(h) . Ten m l  
o f  the adjusted c e l l  suspens ion w a s  emu l s i fied w i th an equa l vo l umne 
o f  i ncomp lete F reund's adjuvantCf). The antigen-adj uvant comp l ex was 
s tored at 4c unt i l  u s e d . 
Ce l l  Wall Ant i g e n  (CWA) : The procedure for g rowi ng , harves t ing 
and washing !!.:.._ s omnus s train 8 02 5  was the s ame a s  above.. Two 
methods(l l , 34) w ere c omb ined and s l ight ly modi £i e d  to p roduce a c e l l  
wa l l  frac t ion . The washed cell s were suspended i n  2 0 ml  of co l d  
st eri l e  d i s t i l led H20, p l aced in  a n  i ce b ath , and d i s rup ted with an 
u l trason i c  v ibratorCi), �perat ing at 60% intens i ty for three five ­
minute int erva l s . The s amp l e  was then centr i fuged (j )  at 2000 X g for 
1 5  minute s  t o  r emove who l e  ce l ls and debri s . The s up ernatant fluid 
containing the c e l l  w all s was co l l ected by centri fugat i on ( 1 2 , 000 X g 
for 4 5  minut e s) .  
1 3  
Further puri ficat ion was accomp l ished by g l ycerol g rad ient centri -
(g) Ivan Sorva l l , Inc . ,  ust . Gyorgyi & B l umtt Continuous F l ow 
Sys tem, Norwa l k, Connect i cut . 
(R) Co l eman Instrument s Corp . ,  C o l eman Junior II Sp ectrophoto ­
meter Mode l 6/2 0, Maywood, Il l inoi s . .  
(�) U l trasoni c , Inc . ,  Bronsvil l e  Mode l WISS, P l ainview , L. I . , 
New York. 
(j l Ivan Sorva l l ,  Inc., Sorva l l  Mode l RC�2, Norwa l k, Connecti cut . 
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FIGURE 1 .  P i ctured i s  a two - chambered syst em used t o  produc e  
a density gradient . Chamber A contains lM KCl , chamber B c ontains 
50%  glyc ero l i n  lM KC l .  A pressure pump (C ) was used to  st i r  the 
so l utions as they m i xed . 
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fugat ionC34) A two chamb ered sys tem (fi gure 1) was u t i l i z ed t o  ob t ain 
a l inear dens i ty grad i ent . After the conne ct i on b etween chamb er A and 
B was c l o s ed , chamber A_ was fi l l ed with 2 3 _ m l  o f  lM KC l and chamb er-B 
was fi l l ed w i th 2 3  m l  o f  5 0% g lycero l in IM KC l .  The connect i on b e -
tween the chamb ers was opened and the l iquid i n  B was int ens ive ly s t irred 
�i th bubb l ing air . - S iphoning of chamber B was continued unt i l  al l but 
4-6 ml o f  l iqui d  remained in chamb er B . The mi xed l i quid was s iphoned 
into a n i troce l lu l o s e  c entr i fuge tube . The s o l ut i on remaining in 
chamb er B was us ed t o  resuspend_the pel l et o�taine d  from the 12 ,000 X g 
centri fugat ion: The suspens ion was carefu l ly l ayered over the grad - ­
ient and centr i fuged(k) at 4 0 0  X g for 60 minute s  at 4C . Two d i s t inct 
layers cou l d  b e  ob s erved fo l lowing centri fugat i on . The upp er l ayer con -
s i s ted primar i l y  o f  ce l l  wal l s  whi l e  the s ediment on the bot tom l ayer 
was aggregat e s  o f  c e l l  wal l s  and unbroken ce l l s (fi gure 2 ) . The upper 
l ayer of ce l l  wal l s  was extracted with a syr inge , d i lut ed with H2 0, and 
col l ected by_ centri fugat i on at 12,000 X g for 15 minute s . They were 
washed twi c e  and the final concentrat ion was adj us t ed t o  the optical 
dens ity o f  a - McFar l and #i tub e . Emu l s i fi cat i on w i th incomp l e t e  Freud's 
adjuvant was accomp l i shed as for the WCA. 
Ant ibody Production : Four l arge white  r abb i t sCl )  were us ed for 
ant ibody produ�t i on,  two each for WCA and CWA .  Ino cu l at ion p rocedures 
were the s ame for each ant i gen . The ini t i al i no cu l at i on was l ml o f  
(k) Internat i onal Equipment Co., Mode l K. Needhiam Ht s ,  Mas s ­
achus etts . 
(1) Gopher S t ate,  New Zeal�rid Whi te Rabbit s ,  M inne apo l is , Minn -
e s ota. 
FIGURE 2 . Haemophil u s  s omnus ce l l  wa l l s  (upp er l ayer) s eparat ed 
from who l e  c e l l s  (bottom l ayer) in a linear gl ycerol gradient . 
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incomp l et e  Freud ' s  adjuvant -ant igen comp lex g iven sub cutan eous l y.. No 
more than 0.2 ml was g iven at each inoculation s it e. Two we eks l ater 
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the rabbi t s  were g iven o,. 2 m l  o f  homo logous ant igen (wi thout incomp l ete 
Freud ' s  adjuvant )  intravenous ly . Thi s  was cont inued for 4 weeks at 4 
to  5 day int erva l s .  The rabb i t s  were b l ed 1 0  d ays a ft er the l as t  
inject ion . Bl ood wa s co l l e cted by heart puncture -and a l l owed t o  clot 
at 3 7C .  The s erum was removed and s tored at - 60C unt i l  used . 
Ag g l utinat ion Re act i on s  
The s erums co l l e cted from rabb i t s  injected w i th e ach ant i gen (WCA 
and CWA ,  s tra in 8 0 2 5 )  were used to determine spe c i fi c  and non - sp ec i fi c  
react ions  w i th the p revious ly l is t ed organ1sms . The method used to  
determine t it ers  was t he microtiter agglut inat ion procedure C23) . A 
WCA was us ed t o  determine t it ers for H. somnus s train 8 02 5  and M5 85 
p l us al l the c l o s e l y  r e l ated species . The organi sms were grown on 
e i ther b l ood agar or choco l ate agar p l ates , depending on whi ch agar 
supported better growth , for 48 hours at 37C (5 - 1 0% COz) and harve st ed 
into buffered phys i o l og i c  s a l ine  pH 8 . 0 .  The c e l l s  were p l aced in a 
wat er b ath at 6 0C for
-
6 0  mi n .  After coo l ing , the ce l l  susp en s ions were 
di lut ed w i th equa l vo l umes of 1 . 0% pheno l i zed s al ine . The ant i g en was 
standardi z ed w i th 0 . 5 % pheno l i zed phys i o l ogi c s a l ine to  an ab sorbance 
of 0 .. 39 at 5 5 0  nm w i t h  a spectrophotometerCh) . 
f l d  · 1 d i"lut1"ons . in 0 . 5 % The s erums  were t es ted by usi _ng two o s er 1 a  
pheno l i zed phys i ologic sa l ine beginning wi th_ 0 . 05 m l  of  a 1 �1 0  d i lut ion 
of serum t o  whlch_ was . added Q . 05 m l  of the appropriat e  ant_i g en. 
The r e su l t s  were determined after 48 hours o f  incubat ion at 3 7C 
in a mos t environment. Comp l e t e  c l ear ing of t he an t ig en suspens ion 
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with a c l ump of agg lutin ated bact eria a t  the bottom o f  the we l l  con -
s t i tuted a pos i t ive agg l utinat ion test . 
Antibody Conjugat i on 
Serum from the rabb i t s  hyperimmun i zed again s t  the two typ e s  of 
ant ig ens prepared from s train 802 5 , wa s fractionat ed and conj ugated wi th 
fluore s ce in isothiocanate (F ITC ) Cm) . Precipi t ation o f  the gamma g l obu ­
l in was c arried out with a s aturated ammonium s u l fate Cn ) s o lution 
wh i ch was s low l y  added at room t emperature . The f l a sks were then p l aced 
at 4C for an additional  24 hours t o  a l l ow fqr more comple t e  precipita­
t i on of the  g l obul in .  The 
·
precip i tat e  was co l l ected by c entri fuga ­
t i on C j ) at 1 2 , 0 00 X g (30 minut e s , 4C ) and resuspended i n  7 . 5 m l  (ha l f  
t h e  original  s erum vo l ume ) of  phosphate buffered s a l ine (P BS ) pH 7 . 2 .  
The g l obu l in fraction was p l aced in dialysis tubin g(o ) and 
dia lyzed against  1 l it er of P BS pH 7 . 2  for 4 days . The P BS was changed 
every 24 hours . 
After dialysis the protein cont ent was determined by t he biuret 
method .  F l uore scein iso thiocyanate was added s low l y  at a rate o f  1 6  mg 
per 1 00 mg of serum pro tein� The F ITC -globu l in mixture was a l l owed to 
st ir continuous ly at 4C for 24 hours . Aft er conj ugation , unbound or 
inert dye was removed b y  ge l fil tration wi th s ephadex G- 2 5  (co l
umn 
(�) B BL , Div i sion of Becton , D ickinson and Company , Co ckeys ­
vil l e , Maryland . 
(n) Fishier Scientific Co . ,  fair Lawn , New Jersey .
 
Col Union Carbide Corp . , Chicago , Ill ino
is . 
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s i ze 3 cm X 20  cm) CP) equi l ibrated with 0 . 0 2 M s odium phosphat e buffered 
pH 6 . 5 . The dark ye l l ow co l ored protein band proceeded rap i d l y  down 
the co l umn wh i l e  the p�l e  ye l l ow-co l ored band remained very c l o s e  t o  
the top o f  t h e  co lumn . The e ffluent was co l l ected i n  3 t o  4 m l  al iquot s  
and a drop o f  merthio l at e  was added to prevent mi crob ial growth . Tub es 
were s t ored at 4C unt i l us ed . 
Mouse Inocu l at i on 
A total o f  60 miceCq) was inocul ated with s train 8025 . Two 
different age group s were us ed as were two rout es o f  inocul at i on . 
Group s o f  4 to 5 - day o ld and 7 to 1 0 -day o l d  m i ce were each inoculat ed-
intracranial ly (IC )  w i th 0 . 1  m l  of  harves ted infeGted e gg yo lk . Another 
group of the same age was inocu l at ed intraperi toneal l y  (I P)  wi th 0 . 1  
ml  of the s ame inocu lum .  Contro l groups were each inocu l at ed I C  and 
IP re spect ive l y  with un infected egg yo lk . When the mice  d ied, the 
brain, lung , kidney, and heart were removed . One port i on of each 
organ was p l ated on b l ood agar and a p i ece of brain was p repared for 
fro zen s ectioning. 
His to logic Te chniques 
Brain t i s sue s  from the experimental l y  infe cted m i ce and from 
natural l y  infected cat t l e  were prepared for fro zen s ect ioning . The 
tis sues were trimmed to about 1 cm in l ength by 1 cm in w idth and 0
. 5  cm 
in depth. They were p l ace� on a specimen ho lder to whi ch an 
embedding 
(p) Pharmac ia Fine Chemi cal s, Uppsal a ,  Sweden . 
(q} Nat ional Laboratory Animal Co. , Creve Coer , M i ssour i .  
20 
mediumCr) had been app l i ed .  The spec imen ho l der was pl aced at - 6 0C for 
1 5  minut e s ,  before be ing p l aced on the cryost at Cs ) . The fro z en s pe c i ­
me ns were se ctioned a t  S mi crons p l aced o n  a pre c l eaned g l as s  s l ide and 
fixed in acetone at -lOC for 30 mi nutes . S l ides were removed . from the 
acetone and s tored at -60C unt i l used . 
F l uore s c ent Ant i body Technique 
The d i re ct fluorescent ant ibody technique was empl oyed to deter-
mine the presence of H. somnus . The F ITC lab e l ed conjugate was app l i ed 
to pure !:!.:_ somnus and other bacterial smears (to det ermine spec i fi c i ty) 
and to fro z en t i s sue s ect ions . The st aining method was as  fo l l ows : 
Bacteri a l  smears were heat fixed by pass age through a f l ame . (Tissue 
se cti ons were fixed in acetone as st ated previous l y . )  One to two drops 
of conjugate was app l i ed to each s l ide .  The s l ides then were p l aced in 
a mo ist  chamber at 37C for 30 minut es . Remova l  of exce s s  conj ugate 
from the sl ides was ac comp l i shed by usi ng two, ten mi nute rinses  of 
0.1 phosphate buffer s a l ine (pH 7 . 6) fo l l owed by a fina l rin s e  in 
dist i l l ed HzO. The sl ides were removed, b l otted g ent l y, and a l l owed 
to air dry before a drop of FA mounting fluid
(f) pH 9 . $ was app l i ed to 
the sli de and covered with a cover slip . The s l ides  were examined 
under a fluorescent mi croscope Ct) . 
(r)  M i l es Laboratory, Inc . ,  Lab-Tek Products, Naperv i l l e ,  
Il l ino i s . 
(s) Slee , Model 45 0 ,  London, England . 
( t )  Le i t z, Mode l ortho lux , fi l t er 530, KP49 0, Wetzl a
r, Germany . 
2 1  
El e ctron Mi croscopi c · Examinat ion 
Strain 8 02 5  who l e  c e l ls and ce l l  wal l extract were examined 
e l ectron m i cros cop i cal l y .  The who l e  ce l l  s uspen s ion t o  b e  examined was 
prepared from b acteria grown on b lood agar p l ate s  (3 7C ,  5 - 1 0% co2, 24 
hours) and washed. o ff with s t eri l e  d i st i l l ed H2o. 
The s amp l e  �as prepared for observati on by a negat ive s tain t ech -
nique . One drop 0£ spec imen was added to 2 0 drops o f  d i s �i l l ed H2o 
p lus one drope o f  albumin and one drop o f  phosphotungs t i c  ac id (PTA) 
pH 6.7 . Th i s  was thorough ly mixed , p l aced in  an atomi zer  and sprayed 
on t o  a 300 mesh copper · grid previous ly coat ed w i th carbon . The 
spec imens were p l aced in an e l ectron micro scop e(u) and examined . 
(_ill Perkin s - Elmer Corp . ,- Hi tachi Mode.I HU 12, 
Mountain Vi ew , . 
Cal i fornia. 
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RESULTS 
Morpho l ogy and . Bioch emical Results  
The 5 0  South Dakot� i s o l ants had morpho l o g i c  charac t er i s t i cs 
i dent i cal t o  the re ference s trains , 8025 and MS85. A l l i so l ants  grew 
abundant l y  on the 5% de fibrinated sheep b lood agar p l ate s . The co lonies 
were approximat e l y  1 mm in d i ameter , ent ire , c ircu l ar , convex and 
caus ed cupping o f  the b l ood agar , aft er 24 hours incubat ion at 3 7C in 
5-10% carb on dioxide envi ronment . A greenish col orat i on or  alpha 
hemo l ys i s  o f  the agar was ob s erved wi th 30 o f  the 50 i so l ants  48 hours 
after incubat ion . The remaining 22 i so l ants gave thi s  greenish  dis -
co l orat ion a l s o , and after further incubat ion a c l e ar zone or beta 
hemo l ys i s  cou l d  b e  ob served . Other co l onial morphol og i c  changes that 
occurred after 48 hours and that are cons i s tent w i th previ ous 
reports C � , 8 , 2 7 , 3 3) are s i ze , shape , and p i gment . The s i ze and shape 
changed to b e come 2 - 3  mm in diameter , fl at , and s l i gh t l y  undu l at ed in 
form . Up on further incubat ion the co lonies  b e came charac t eri s t i cal ly 
ye l l ow both on the p l at e  and when scraped off w i th a l oop . Some 
i so l ant s produced a ye l low p i gment in l es s  than 48 hours . The gram 
s t ain reveal ed that al l i s o l ants were gram ne gat ive coccobac i l l i with 
the pre s ence of a few fi l amentous rods . 
The resu l t s  of  b iochemi cal testing of  the 50 South Dakota 
Haemoph i l us somnus i s o l ant s , reference s train s 8025, MS85, !:!..:_ vagi
nal i s  
and !:!.:_ aphrophi l us are summarized in tab l es 2 and 3. The 50 fresh 
i so l ants  did not produce detectab l e  acid  when inocu l ated 
into the car­
bohydrat es with or without blood suppl ementat ion. ·H
owever-, i s o l ants 
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that had been t rans ferred at leas t four t imes produced s ome ac i d  in 
carbohydrat e s  w i th or  without b l ood supp lementat i on . Th i s  d i fference 
was al so noted in the H . . somnus re ference s train s  8025 and MS8S. The se 
resu l t s  are s ummari zed in t ab le 3. Ac id was produced mos t  con s i s t ently 
from g l uco s e , xyl o s e , mannito l , mal tose , fructo s e , mannos e , and 
s orb itol.  
H. s ornnus d id not grow on MacC onkey ' s agar , Simmons c it rat e agar , 
or urea agar . Ox i das e was produced con s i s ten t l y  but catalas e  was not 
produced . Ge l at ine was not l iquefied . Ni trate was r educed b y  al l but 
s even i s o l ant s . On l y  five i so l ants produced indo l e . 
The resu l t s  o f  the SO South Dakota H. s omnus i s o l ants were 
s imi l ar t o  the two re ference H. somnus s trains 8025 and MS85. Negat ive 
contro l s  con s i s t ed o f  uninocu lated carbohydrates  with and wi thout 
b l ood supp l ementat ion . 
Agg l ut inat ion Re s u l t s  
Re su l t s  o f  t h e  homo l ogous and heterol ogous agg l ut inati on t e s t s  are 
recorded in t ab l e  4 .  Serum from rabbits  hyperimmuni zed with both t ypes 
of ant igen (WCA and CWA) reacted we l l  with �he homo l o gous WCA . Ant i ­
WCA and ant i -CWA s e rums both cross react ed wi t
.
h !i_:_ aphroph i lus , 
!:!_:_ vag inal i s , Moraxe l l a bovi s ,  and Pas teure l l a mu l tocida .  N o  cro s s 
reactions  were noted with H. influenza, H. parainfl uenza , !::!.:_ parahae -- -
mo lyt i eus , !:!_:._ ducreyi , Bruce l l a abortus , or Bordet e l l a  Bronchisept ica .  
Mixed react i on s  were obtained from Act inobaci l lus ac tin o ide
s , !i_:_ agn i , 
and Pas teure l l a hemo l yt i ca. St rong agg lut inat ion was obser
ved with 
strain M585. 
Table 2. Differential Biochemical Characteristics of 50 South Dakota 
Haemophilus somnus Isolants Compared to � somnus Strains 8025 and MS85 
!:!..=_ vaginalis and !::!.:_ aphrophilus After Passage on Blood Agar Plates. 
!:!.:_ vaginalis !!:_ aEhroEhilus 
Biochemical No. 8025 M585 ATCC 14018 ATCC 19415 SD 
Tests W** 
B 
Glucose 
Galactose 
Fructose(2)* 
Maltose 
Lactose 
Sucrose 
Mannitol 
Mannose 
Sorbito1(2) 
Dulcitol 
Inositol 
Xylose 
Trehalose 
Salicin 
Raff inose 
Arabi nose 
Adonitol 
Growth on 
MacConkey, Urea 
and Citrate agar. 
Catalase and 
Gelatinase 
Production 
Nitrate reductionC7) 
Indole EroductionCS) 
Oxidase Eroduction 
Hemo lrsis C 22) 
Wo*** 
B 
.-
+ 
+ 
W-Wo w Wo w Wo w 
B B B B B B B 
A++ A A A 
A A 
+ · + 
+ + + 
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I so l ants+ 
Wo 
B 
:.. 
+ 
+ 
*Number in parentheses indicates the nwnber 
of South Dakota Iso l ants deviating 
from the reported reaction. 
**WB - With Blood 
***WoB - Without Blood 
somnus isolants +Results of the SO South Dakota !::!.:_ 
++Acid endpoint, pH of 6.6 or below, xylose 6
.3 or below 
. 
Tab l e  3 .  Di fferen t i a l  Bi ochemical Characteri s t ics  o f  S O  South Dakota 
Haemoph i l us somnus I s o l an t s  Compared_ to H .  somnu s  Stra i n s  8 02 5  and MS85 , � vagi na l i s and !:!.:.._ aphroph i lus Aft er-4 Pas sages on Bl ood Agar . 
H .  vagina l i s  H .  aEhroEh i lus 
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Biochem i c a l  No . 8 02 5  M5 85 
W-wo 
ATCC 1 4 0 1 8  ATCC 1 9 4 1 5  SD I s o l an t s + 
Te s t s  W* *  Wo* * *  w Wo w Wo 
B B B B B B 8 B 
G luco s e C2 ) * A++ A A A A A A A 
Manni toll2) 
Mannos e ( 7 ) 
X�l ose A A A A 
Gal actos e (S )  A A A A A A 
Sor bi to  1 (2 ) A A 
Du l c i t o l  A A 
Fructose C4 ) A A A A A A 
Ma l tose A A A A 
Treha l os e C 7) A A A A 
Lactose Cb) 
Sucrose C 7 ) A A 
Inos i t o l , Sa l i c in 
Raffinos e ,  
Arabinose , Ad on i t o l  
Growth o n  MacC onkey , 
Urea and Ci trate agar 
G e l at inas e  and 
Cat a l as e  product i on 
Nitrate 
Reduct ion (? ) + + + 
Indo l e  
Produc t i on C S) 
Oxidase 
Production + + + + 
Hemo lys i s ( 22 ) 
*Number in parentheses  indicate the number of South Dakota 
from the reported r eact i on 
**WB - With B l ood 
�**WoB - Wi thout B l ood . 
+Resul t s  o f  the 5 0  South Dakota !:!.:_ somnus i s o l an t s  
++Ac id endpoint , a p H  o f  6 . 6  o r  b e l ow ,  xylose 6 . 3  or be l o
w 
w Wo 
B B 
A A 
A A 
A A 
A A 
A A 
+ 
+ 
I s o l ants deviat ing 
Table 4 .  Sero l o g i c  Re lat ionship o f  Selected Organ i sms 
as Detected by the Whole C e l l  Agg lut inat i on Te st s . 
Ant igens 
Haemoph i lus s ornnus 
8 0 2 5  
Haemophi lus s ornnus 
M5 85 
Moraxella bovi s 
ATCC 1 0900  
Pas teurella multoci da 
ATCC 1 94 2 7  
. Haernophi l us aphi oph i l us 
ATCC 1 94 1 5  
Haemophi lus vagina l i s  
ATCC 1 40 1 8  
Act inobac i l l us act inoides  
ATCC 1 5 90 0  
Pas t eure l la haerno lyt i ca 
ATCC 1 40 0 3  
Haemoph i l us agn i  
1 343  
Bruce l l a abortus 
ATCC 4 3 1 9 
Bordete l la bronchi s ept i ca 
ATCC 46 1 7  
Haemoph i lus parahaemolyit cus 
ATCC 1 00 1 4  
Haemophi l us parainf l uen z a  
ATCC 7 9 0 1  
Haemoph i l us in fluen za 
ATCC 9 7 9 5  
Haemophi l us ducreyi 
ATCC 2 7 7 2 2  
Ant i  - WCA* 
Se rum 
2 5 6 0 * *  
1 2 8 0  
8 0  
2 0  
2 0  
2 0  
2 0  
2 0  
0 
0 
0 
0 
0 
0 
0 
An t i  - CWA* 
Serum 
1 2 80 
1 2 80  
40 
40 
20 
2 0  
2 0  
0 
2 0  
0 
0 
0 
0 
0 
0 
* Prepared from !:!_:_ s ornnus reference s train 8025 . 
* *Ant ibody t i t er e xpre s s ed as the r ec iprocal o f  the h i gh e s t
 d i lut i on 
g iving comp l ete  agg l ut inat ion 
2 6 
2 7 
E l ectron Mi cros copic  Examinati on 
F igure s  3 and 4 are e l e ctron micrographs o f  WCA and CWA prepared 
from s train 8 025 . The ?rganism ranged in  s i ze from cocco i d  forms o f  
0 . 3 mi cron d i ameter b y  0 . 8  mi cron l ong to baci l l i 0 . 4 um d i ameter by 
3 . 0  to 4 . 0  mi cron l ong . The short rod or coccodi a l  form was mos t  
preval ent a s  compared to the numb er of fi l amentous rods . N o  capsul ar 
s tructure was found , however some organi sms pos s e s s ed an outer coat ing 
s imi l ar to a s l ime l ayer or s imi l ar type o f  extrace l l u l ar mat eria l . 
Mous e Inocu l at i on 
Summari e s  o f  the s uck l ing mous e inoculat ion exp eriments · are 
found in tab l es 5 and 6 .  Deaths were found in both age groups o f  mice 
and both routes o f  inocu l ation with re ference s train 8 0 2 5 . Haemophi l us 
somnus was re i s o l ated on b l ood agar p l ates from the infect ed t i s sues . 
Deaths occurred from I to 4 days post inocu l at ion ( P I ) . 
Al l 9 to 1 0 -day o l d mice had central nervous s i gns , (CNS) charac -
teri zed by uncontro l l ab l e  mus c l e  spasms and s traying from the l i tter . 
Other s i gns of  d i s eas e were inappetence and rough appearance of  thei r  
hair coat s . F i gure 5 i l l us trates the appearance o f  the mi ce . 
A l l the 4 to 5 - day o l d  mice had CNS but on l y  2 0 o f  the 30 m i ce 
had a rough coat . A l l mice disp l ayed inappetence fo l l ow ing inocu l a ­
t ion . H .  s omnus was not i s o l at ed from t i s sues o f  the mi ce that were 
ki l l ed s even days P I . 
F luores cent Ant ibody (FA) Re sul ts 
d f 1. dent 1· fi cat i on o f  · H .  s omnus in The F I TC conj ugate was us e or 
pure cul ture , infected mous e brain t i s sue , and from n atura
l ly infected 
bovine brain t i s sue . The conj ugate prepared from the ra
bbi t  ant i -WCA 
28 
e l i ci ted
_ a brighter fluore s cence than the conj ugate p repared from the 
rabbi t  ant i -CWA . Therefore , the ant i -WCA conj ugate was us ed for a l l 
FA t e s t s . Non -speci fi c. fluore s cence was in i t i a l ly obs erved w i th 
� mu l toc i d a , � hemo lyt i ca , and � bovi s .  Th i s  was corrected by the 
fo l l owing methods . The conj ugate was pas s ed through a s ephadex co lumn 
to remove exce s s  unre act ed fluorescent mat eri a l . The conj ugate was 
then di l uted with d i s t i l l ed H20 in an att empt to d i l ut e  out the non -
spec i fi c i ty . Th i s  resul ted in loss  o f  fluore s c en c e  with H. s omnus . 
The conj ugate was fina l l y  ab sorb ed , with a wet s uspen s i on o f  the 
thre e organ i sms giving non - spec i fi c  fluore s cences , at a r at io of 1 m l  
o f  conj ugate to S O  m g  o f  w e t  organ i sms . The resul t was a conj ugate 
that woul d  on ly fluore s ce with b acteri al smears of H. s omnus . No non -
spec i fi c  fluores cence was noted with the fo l lowing organ i sms : H. 
aphroph i l us , !:!_:_ ducreyi , !:!_:_ influen z a ,  !:!_:_ parainfl uen z a , !::!.:_ para -
haemo lyt i cus ,  !:!_:_ sui s , !=!._:_ vagina l i s , � actino i de s , � co l i , or Prot eus 
mi rabi l i s . The conj ugat e was a l s o absorbed' with l iver powder to reduce 
the auto fluore scence when work ing with t i s s ue s ections . Thi s  proce -
<lure did not e l iminate a l l tissue fluore s cence but i t  d i d  improve the 
re adab i l i ty of the s l ides . The final FA conj ugate was t e s ted on the 
SO South Dakota H .  somnus i s o l ants and a l l i so l ants  gave a pos i t ive FA 
re ading . The resu l t s  of  the FA conj ugat e  are demon s t rate d  i
n  fi gures 
6 ,  7 ,  and 8 .  
Prot e in det erminat ion of  the pre c ip i t ated  ga
mma g l obul in from
.
the 
rabbits  inj ected with the CWA revealed 3 . 2: gm prot
e in per  100 ml of 
gl obu l in suspen s i on . The ant i -WCA gamma g l obul in
 s�spen s ion revea l ed 
2 . 4 gm protein per 100 m l  of  globul in suspen s i on . 
Tab l e  5 .  E ffe c t s  o f  Intracran i a l  and Intraperi tonea l  Inocul at i on 
o f  Haemophi l us s ornnus s train 8025 into 4 t o  5 Day o l d  Mice . 
Number deaths C l in i c a l  S i gns H .  s ornnus Re i s o l ated 
Number Inocul ated of I l lne s s  
�
from Infected Mice --
I C *  I P *  CNS* * *  Rough I C  I P  
Coat 
802 5  14 10 30 20 1 4  10 
15 15 30 30 IT 10 
Contro l 0 0 0 O · NT* *  NT 
IO IO IO IO 
* I C  = In tracran i a l  and I P  = Intraperi t one a l  Inocul at ion S i t e s  
* *  Not Te sted 
* * *  Centra l Nervous S i gns 
Approximate T ime 
o f  Death 
Post Inocul ation 
1 to 2 days 
NT 
N 
\0 
Tab l e  6 .  E ffe c t s  o f  Intracranial and Intraperitoneal Inocul ations 
o f  Haemoph i lus s omnus s train 802 5 into 9 t o  10 Day o l d  Mi ce . 
Numb er D e aths C l in i c a l  S i gns H. s omnus Re i s o l ated Approximate Time 
Numb er Inoculat ed of I l ln e s s  --rrom Infected M i c e  
o f  Death 
I C *  I P *  CNS* * *  Rough I C  I P  
Coat Pos t  Inocu l at i on 
8025 1 1  10 30 30 11 7 1 t o  4 days 
TS IT 30 30 1 1  . IQ 
Conto l 0 0 0 0 NT* *  NT NT 
10 IO 20 20 
* I C  = Intracranial and I P  = Intraperitoneal Inocu l at i on 
* * No t Te s t ed 
* * *Central Nervous Signs 
� 
0 
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F I GURE 3 .  E l ectron photomi crograph of Haemoph i l u s  s omnus u s e d  
as t h e  who l e  c e l l ant i gen for ant ibody product i on . Negat ive stain 
preparat i on , PTA , 1 7 , 000X . 
3 2  
F IGURE 4 .  E l e c tron phot om i c rograph o f  Haernoph i l u s  s ornnus c e l l  wa l l s  
d i s rupt e d  b y  s on i fi c at ion . Ne gat i ve s t a i n  p r e p ar a t i on , PTA , 1 7 , 0 0 0X . 
F IGURE 5 .  P i ctured are three 9 - 1 0 -day-o l d  Swi s s  Web s ter m i ce . 
Two of the mice have b e en inocu l ated with Haemophi l us sornnus and the 
third is a contro l (A) of the s ame age . Note the di fference in 
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s i ze and l o s s of hair o f  the inocu l ated two as compared to the contro l . 
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F I GURE 6 .  F l uor e s c ent ant ibody s t a in o f  a pure cu l ture o f  Haemoph i l u s  
s ornnus . 2 SOX . 
FIGURE 7 .  F l uores cent ant i b o dy s t ain o f  a 4 - 5 -day -o l d  m ou s e  b r a i n  
s e c t i on exp eriment a l l y i nfe c t ed w i th Haemoph i lu s  s ornnu s . 2 5 0X .  
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F I GURE 8 .  F l uo r e s c ent ant ib o dy s t a in of a b ov i n e  b r a i n s e c t i on 
that had c l i n i ca l ·  l e s i on s of Haemoph i l u s  s omnus i n fe c t i on s . 2 5 0X .  
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D ISCUSS ION 
Re ference and I so l ant Stock Cu l ture 
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The re ference s trains rece ived from Amer i can Type Cu l ture 
Co l l ec t ion (ATCC ) , Dr . Regiardo , Dr . Kni ght , and Dr . Lauerman grew we l l  
on the med i a  us ed . Severa l b l ind pas s ages o f  the ATCC cul tures were 
requ ired .to ki l l  the embryonated chi ck eggs . After it was ob s e rved 
that a l l reference s trains k i l l ed the embryos , the e gg yo lks  were 
as c ept i ca l l y  harves t ed with a syringe and d i spen s ed in  2 - 3 ml a l iquot s  
and fro z en a t  - 6 0C . The organi sms survived and grew we l l  when used 
at a l at er date . The S O  South Dakota i s o l ant s were c o l l e cted from a 
variety o f  c l in i ca l  infe ct ions inc luding : Thrombo , pneumonia ,  vagin -
i t i s , infert i l i ty ,  and abortion . The method o f  s to ck pres ervat ion 
was the s ame as for the reference strains . 
Morpho l ogy and Biochemi cal Tes t s  
The S O  South Dakota i s o l ants had morpholog i c  charac teri s t i cs 
comparab l e  t o  the re ference s trains 802S and MS 8 5 . A l l i so l an t s  grew 
readi l y  and abundant ly on sheep b l ood agar . She ep red  b l ood ce l ls 
were us ed b ecaus e of  their · rout ine use in the d i agnost i c  l aboratory . 
Th e co l on i a l  morpho l ogy of the SO South Dakota i so l an t s  was consi s t ent 
with the l iterature C 2 , 8 , 2 7 , 3 3 ) except for the obs ervation that 2 2  o f  
the S O  i s o l ants gave a beta hemolys is react ion o n  pro l onged incuba­
t ion of 48 hours or more , and cupp ing of the. agar b eneath t
he colon i es .  
The b e t a  hemo lys i s  may have been over looked by others f
or two reason s . 
The first was that some investigators may not have inc
ubated the p l at es 
l ong · enough for t�e beta  hemolys is to occur . The s econd reason may be 
due to t he us e 0£ sheep red b lood ce l l s . Other res e archers routine ly 
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used b ovine red b l ood c e l l s which may not be as  susc ep t ib l e  t o  hemo ly­
s in produced by !:!.:_ somnus . An hemo l ys in as s ay i s  warranted for 
further i nve s t i gat i o� �o determine the typ e  and quantity of hemo lysin 
produced by !::!..:_ somnus . 
The gram s t ain reve a l ed main l y  short gram -n egat i ve coccobaci l l i  
with the p re s ence
.
o f  a few fi l amentous rods . Individual bacteria 
ranged in s i ze from 0. 2 t o  0 . 3 m icron diamet er t o  0. 8 to 3 . 0  mi cron 
l ong as determined by e l e ctron micros copy . Thi s  confirms an earl i er 
attempt s  t o  measure !i_:_ somnus by l i ght m i cros copy C 2 7) . I t  was 
s ugge s t ed t hat a c apsu l e  was present and may p l ay an important ro l e  
i n  the v iru l ence o f  H . - somnus a s  i t  does w i th H .  influen za . Further ­
more , i t  was con s i dered that cul turing on b l ood agar p l at e s  a l tered i t s  
s tructure and a l so i t s  v iru l ence , caus ing i t  t o  l o s e  i t s  p athogen ­
i c i ty for an ima l s ( 3 7) . Our resu l t s  confirmed tho s e  o f  Bai l i e C l )  
stat ing H .  s omnus does not possess  a cap su l e . Howeve r , a sub s t ance 
l ocated out s ide and adj acent t o  the ce l l  wal l resemb l ing a s l ime 
l ayer ,  was obs erved in thi s s tudy and the p revi ous one ( l ) . I t  does 
not have a cont inuous shape and in many cas e s  extended out and away 
from the b acteria . I t s  s tructure was not defined . Mi l l er C 3 1 )  demon ­
s trated a capsu l e  by mean s  o f  modi fied H i s s  s tain and l ight mi croscopy . 
In  a l l probab i l ity he was s t aining this unde fine d  e xt erna l  substance . 
The s o  South Dakota  !!:_ somnus i s o l ants and reference s trains grew 
we l l  in c arbohydrate s  w i th or w ithout added b �ood . Thi s  was deter­
mined by the r e is o l at i on of the organ i sm from the c arbohydrates 
immedi at e ly prior to pH measurement . A pH me t er was used for acid 
detect i on b e cause i t i s  more accurate than pH indi cator dyes . Al so , 
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indicator s ys t ems rout ine l y  used such as bromo c re s o l  purp l e  o r  pheno l 
red are s omet imes t.oxi c t o  b acteria and inh ib i t  the i r  growth . Two 
disadvant age s cou l d  be fores e en with thi s  procedure . The s e  were t ime 
consumpt ion and an inab i l i ty to keep the tub e s  for ob s ervat i on a fter 
further incubat ion . 
A p epton e  yeas t bas a l  .medium was used for this  r e s e arch becaus e i t  
supported t h e  growth of H. somnus . Thi s  was p robab l y  due to t h e  pre ­
s ence o f  yeas t extract . Kennedy ( 2 7 ) was ab l e  to grow H .  s omnus on a 
yeas t extract  a gar whi ch confi��s i t s ab i l i ty t o  grow in a yeas t extract 
supp l emented  medi a .  A l s o , the b as a l  medium cont ained cys t e ine , whi ch 
may b e  sub s t i tued for the X factor common ly found i n  b l oo d . 
A d i fferenc e  in  carbohydrate catabo l ism pattern s  was re corded b e ­
tween the fresh  i s o l ant s and those passed four t imes o n  b l ood agar 
p l ates . As s tated previ ous ly , fresh i s o l ants d i d  not ferment c arbohy ­
drates . However ,  tho s e  that had been pas s ed d i d  ferment s evera l carbo ­
hydrat e s  as  �videnced by an· acidic pH . The mos t  common l y  catabo l i zed 
carbohydrat e s  were g l ucose , xy l ose , manni t o l , fructos e , manno s e , and 
sorbito l .  Th i s  woul d  b e  an e xp l anat ion for the v ar i ab l e  r esu l t s  r e ­
corded in the l it erature C l , 2 7 , 32 , 33 , 35 ) . I t  i s  apparent from thi s  
experiment that p as s age o f  the cul tures changed i t s  met abo l ic char ­
acterist i c s . Thi s  change may have s everal di fferent r e asons .r anging 
from change in  the act ive t ransport sys tem to a change in catabo l ic 
en zyme concentrat i on . 
No growth on MacConkey ' s ,  - S immon ' s  c i trate and ure a  agars i s · con -
s istent with o ther re-s e ar ch , as . were the negative resul t s  obt ained 
from the cat al as e  and ge l at inase tests C l , 2 7 , 32 , 33 , 35 ) . ,. The oxi das e 
40 
test  was pos i t ive a s  was reported previous ly (l , 2 7 , 3 2 , 35 ) . D i s crepanci es 
have been reported i n  reference to  the nit rate  reduct i on and indo l tests  
as was  re corded in thi�  s tudy . Seven (14  p ercent) o f  the  SO  i so l ants 
did not reduce n i t rate to  n i trite  whi l e  5 ( 1 0  p ercent)  did not produce 
indo l . Th i s  may ac count for the dis crepanci e s  in the l i t erature , indi -
e at ing that thes e  two t e s t s  are variab l e  amoung di fferent s t rains or 
i s o l ant s of H .  s omnus . There· was no one s ourc e  o f  i s o l ant that coul d  be  
as sociat ed with the  variances in  thes e  two t es t s . 
Agg lut inat ion Tes t s  
Th e agg lut inat ion t e s t s  were conducted t o  determine the a�t ibody 
t i t ers  o f  s erum produced w i th each o f  two ant i gens , WGA and CWA ,  and to  
compare ant igen i c  s imi l ar i t i e s  with s everal c l o s e l y  re l ated species  and 
genus memb ers o f  Bergey ' s  Manual Part g ( l O ) . The mi crot i ter p l ate t e s t  
w a s  emp loyed to det ermine the agg lut ination t i t ers b ecaus e o f  i t s  
conven i ence . 
A who l e  ce l l  ant i gen was us ed to t e s t  the t it ers o f  the hyp erimrnun -
i z ed rabb i t  s erum s amp l e s produced from the two typ e s  o f  ant i gens . The 
two prepared !:!_:_ s omnus ant i gens  reacted equa l l y  we l l  w i th both hyper­
imrnuni zed s erum s amp l es . A c l ose  re lat i onship , i f  not i dent i ty , was 
confi rmed for both strains , as  had been report ed
C9 ) . 
The rabbi t  ant i -WCA was e xamined for cro s s  react i ons with the WCA 
o f  s everal re l ated spe c i e s . · I t was ob s erved that the ant i s erum woul d 
agg lutinate with s evera l ant igens prepared from Act inobac i l lus 
actinoides , !:!.:_ aphroph i lus , H �  �agina l i s , Pas t eure l l a mul toci da ,  · p , 
hemo lyt i ca , and Moraxe l l a · bovis . No cros s agg lutinat ion was obs erved 
w i th !:!.:._  agni , · H .  infl uenza , !:!.:_ · parainfluen z a ,  !:!..:.._ paraphaemo ly t icus , 
4 1 
� ducreyi or Bruce l l a abortus . The rabb i t  ant i -CWA was a l s o  compared 
with the s ame ant i gens . Cros s react i ons were obs e rved w i th the fo l low -
ing ant i gens : � agn i �  H .  aphrophi lus , � vagina l i s , � mul to c i da , 
and M .  bovi s . No cro s s  agg lut inat ion was s een w i th � actinoides , 
!:!..:_ influen z a ,  !:!.:._ ducreyi , !:!.:._ parainfluenz a ,  !:!_.:._ parahaemo lyt i cus , 
!:_ abortus , and � hemo lyt i ca _ ant i gens . 
The fact that nei ther ant i s erums react ed w i th � in fl uen z a ,  
!:!.:._ parainfluen z a ,  !:!.:._ parahemo lyt i cus , !:!..:_ ducreyi or B .  abortus s trongly 
sugge s t s  that the s e  are ant igenical ly diss imi l ar to  H .  s omnus . - Mixed 
results  were received from
-
� actinoides , � agni , and � hemo lyti c a  
whi ch may- b e  due to the di fferent anti s erum co l l e ct i on s  o r  individual 
variation among the rabb i t s  used for ant ibody p roduction . The h i gh 
t i ter with M .  bov i s  was unexpected and may b e  due t o  t h e  mucoi d  l ayer 
surrounding � b ovis  res u l t ing in a comp l ex ant i gen giving non -spec i fi c 
cross  agg lut inat ion . 
Sh igidi  and Hoer l e in C 35 ) reported no ant i geni c  re l at io�ship 
between H .  s omnus and !:!.:_ influen za or � actinoides whi ch was very 
s imi l ar to  resu l ts reported in this study . C omp l ement - fi xat_i on s tudi e s . 
show that H .  s omnus cro s s  reacted with !:!.:_ influen z a ,  !:!.:._ a gni , 
!::!_:__ aphrophi lus , � actinoides ,  and � bovis C9 ) may detect  a d i fferent 
ant i gen - ant ibody comp l ex and therefore corre l at i on b etween the CF 
and agg l ut inat i on t e s t s  are d i fficult to de fine ._ M i l l e r
C3 l )  studi ed 
the  ant igen i c a l ly and spec i fi c itr of  fraction s  o f  H .  s omnus . · He con ­
c l uded that a who l e  c e l l  ant i gen was the mos t  s pe c i f
i c  comp ared t o 
s everal  other types o f  ant i gens . 
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F l uores cent Ant ibody 
The F ITC - l abe l ed gamma g l obul in fract i on was made speci fi c  for 
H .  s omnus . The re su l t s  indi cate that the f l uore s cent ant ibody test  
does have pot ent i a l  a s  a di agno s t i c  procedure for the  con fi rmati on o f  
H .  s omnus infection s . 
The two ant i - serum fract i ons , ant i -WCA and ant i -CWA , were both 
l ab e l ed with F I TC to det ermine whi ch wou l d  be a bett er conj ugat e . I t  
was evident on init i a l  obs ervat ions that the ant i -WCA conj ugat e e l i cited 
a bright er and more spec i fi c  fluorescence . Due to thi s  obs ervat i on ,  
further pur i fi c at ion procedures with the ant i -CWA conj ugate were 
terminat ed . Th i s  obs ervat ion confirms the resu l t s  of Mi l l er C3 1 )  who 
reported that a who l e  ce l l  ant i gen gave a more speci fic reacti on than 
other ant igen s . 
The agg l ut inat ion t i ters  indi cated with wh i ch speci es the conj u -
gate wou l d  g ive a non -spe c i fi c  fluores cence . Th e s e  inc l uded P .  
mu l tocida , � hemo l yt i ca and M . bovis  whi ch reacted at a 1 : 4 0 t iter 
or higher di l ut i on . The reason for the F I TC - conj ugat e cro s s  react ion 
mi ght be  exp l ained by the morpho l ogic s t ructures o f  the s e  org an isms . 
P .  mul toc ida and � hemo lyt i ca produce a mucoi d  co l ony and h ave a 
po lys accharide cap s u l e ( 2 6 ) wh i ch may caus e non - spe c i fi c  f l uore s cence .  
Another re ason for non - spe c i fi c  fluore s cence may b e  attribut ed to the 
gamma g l obul in pre c ipi tat i on method . Precip i tat ion w i th ammonium 
sul fat e o ften resu l t s  in parti a l  precip itat i on of  a lbumin whi ch , 
when l ab e l ed w i th F ITC ,  wi l l  -cause non - speci fi c  fluores cence . 
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SUMMARY 
F i fty South Dakot a Haemoph i lus somnus i s o l an t s  were comp ared b i o ­
chemi ca l ly and morpho l qgical ly with two H .  · somrtus reference  s trains 
(8025  and M5 8 5 )  to  c l ari fy reported dis crep an c i e s  in carbohydrate 
ut i l i zat i on by th i s  organ i sm . 
to that des cribed previous l y . 
Micro s cop i c  morpho l ogy was ident i ca l  
Co l on i a l  morpho l ogy was a l so t h� s ame 
except that s ome co l on i es produced beta hemo lys i s  of sheep erythrocyt es 
aft er 4 8  hours incubati on . Fresh i s o l ants d i d  not ut i l i ze carbo ­
hydrate s , however the s ame i s o l ants aft er 4 pas s age s on b l ood agar 
p l at e s  d i d  ut i l i ze many of the carbohydrat e s . The two r e ference 
s trains had the s ame . biochemica l  p at terns . - N i trate reduct ion and 
indo l product i on were variab l e  as was reported p revious l y . 
A f l uore s c ent ant ibody conj ugate was produced from r e fe rence 
strain 8025 . Two ant i gens , who l e  ce l l s and ce l l  wal l s , were us ed t o  
produce hyp erimmune s erum for the conj ugate . The an t i -wh o l e  ce l l  
conj ugat e was more spe ci fi c  than the ant i - ce l l wal l conj ugat e . The 
conj ugat e d i d  gave a pos i t ive re su l t  and was spe c i fi c  for on l y  the 
re ference s train 8 0 2 5  and the 5 0  South Dakota i s o l ant s . A pos it ive 
fl uores cent t e s t  was noted in experimental ly infected mi c e  brains 
and natura l ly infe ct ed bovine brains . 
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APPEND I X  
Sa l ts So lut ion 
CaC l 2  (anhydrous) . • . . . . • . • . . . . • . . . • . . . . . . . . . • • • . . • • . . • . • • • • • • • • . •  0 . 2 
MgS04 · 7H20 . • • • • . . • • . • •. • • • . . . . . . • • • . . . . . . . . . . . . . . . • . • . • • • • • • • • . • . •  0 . 2  
K 
, 2 HPO 4 . . . • . . . . • . . . . • • • • • • . . • . • • • • • . . . . • . . . . . . . • . . . • . . . • • • • . • . . . . • • 1 • 0 
KH2 P04 . · · • · · · · • · · · • • • • · · • · · · · · • · · · . • . •  · · · · · . · · . . . . .  · · · • • • . . . . • . • .  1 . 0 
NaHC03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  1 0 . 0  
Nae 1 • • • • • • • • • • • • •  · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 • o 
gm 
gm 
gm 
gm 
gm 
gm 
Mix CaC l z  and _MgS04 in 3 00 m l  d i s t i l l ed water unt i l  d i s s o l ved . Add 
5 00 m l  wat er and , wh i l e  s wi r l ing , s l owly add r emain ing s � l t s . C ontinue 
swirl ing unt i l  a l l  thes e  s a l t s  are d i s so l ved . Add 2 00 ml d i s t i l l ed water , 
mi x ,  and s to re at 4C .  
Ba s a l  Medium - PY - Yeast Extrac t 
Pep tone . . . . • • • . • . . . . . • • . . . . . . . . • . . . . . . . . . . . . . . • . . . . •  _. . . • . . • • • •  · - · · 1 . 0 gm . 
Yea s t  extra c t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0 gm 
· Sa 1 ts so 1 u t i  on . • . . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . • 4 . 0 gm 
- Di s t i l l ed water . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 . 0  ml 
Cys t ei ne HC l - H2o . . . . . . . . . . . . . . . . . .
. . . � . . . . . . . . . . . . . . . . . • . . . . . . 0 .  05 gm 
Carbohydrates  are added t o  the basal  med i a  in the contentrations as 
indi cated i n  the t ab l e  for med i a  preparation and autoc l aved at  1 2 1 C 
( 1 5 l b s  pre s sure) . 
Tab l e  for Media Preparat i on 
Carbohydrate Amt . in Au t oc l ave Avai l ab l e  
1 00 ml  t ime (min) 
Adonitol  0 . 5  gm 1 5  D i feo* 
Arabino s e  0 . 5  gm 1 2  
Du l c i  t o l  1 . 0 gm 1 5  
Fructos e 1 . 0 gm 1 5  
Ga l actos e 1 . 0 gm 1 5  
G luc o s e  1 . 0 gm 1 5  
Inos i t o l  1 . 0 gm 1 5  
Lacto s e  1 . 0 gm 1 5  
Mal tos e 1 . 0 gm 
1 5  
Manni t o l  1 . 0 gm 
1 5  
Mannos e  1 . 0  gm 1 5  
Raf finos e  1 . 0 gm 
1 5  
Sa l i c in 1 . 0 gm 
1 5  
Sorbi t o l  1 . 0  gm 
1 5  
Sucro s e  1 . 0 gm 
. 1 5 _ 
Tr
.
ehal o s e  0 . 5  gm 
1 5  
Xy l o s e  1 . 0  gm 
1 2  
* D i feo Laborat ori e s , D e t ro i t , Michigan . 
from 
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